Thanks to their name recognition and popularity, celebrities play an important role in American politics. Celebrity endorsements could add to the momentum of a politician's campaign and win the candidate extensive media coverage. There is one caveat though: the political preference of celebrity followers might differ from that of the celebrity. In this paper we explore that possibility. By carefully studying six prominent endorsements to the leading presidential candidates in the 2016 U.S. presidential election and statistically modeling Twitter follow behavior, we show (1) followers of all the celebrities with the exception of Lady Gaga are more likely to follow a large number of candidates and (2) the opinion of celebrity followers could systematically differ from that of the celebrity. Our methodology can be generalized to the study of such events as NBA players' refusing to visit the White House and pop singers' meeting with Dalai Lama.
INTRODUCTION
Celebrities have long been known to play an important role in American politics [1] , [11] , [34] , [37] . They serve as "information shortcuts" of the candidates whom they either explicitly support or have formallly endorsed [36] , [37] . Taking advantage of their own name recognition, celebrities can make public performances on behalf of the candidates, they can campaign alongside the candidates, they can attend public conferences to voice their support, and more recently they can tweet out their endorsement to their millions of followers.
A few recent events, however, have raised the question whether celebrities and celebrity followers necessarily share the same political opinion. One such event is Meryl Streep's attack on Donald Trump and the subsequent criticisms from Streep's fellow celebrities, such as Travis Tritt. Another is Jennifer Holliday's decision not to perform at Trump's inauguration due to opposition from her fans [33] . As a third example, because of pressure from employees, Uber C.E.O quit President Trumps economic advisory council [17] . These events invariably suggest that the political opinion of the followers could differ from that of the celebrity.
In this paper, we explore this possibility through investigating an exhaustive data set that has recorded the revealed preferences of 15.5 million individuals on Twitter in April 2016. We apply negative binomial regression to study the Twitter follow behavior of celebrity followers and we employ the multinomial logistic regression to examine whether among these 15.5 million individuals, followers of a certain celebrity share the political preference of the celebrity.
The celebrities covered in our study are Lebron James, Lady Gaga, who have endorsed Hillary Clinton, Willie Robertson, Toby Keith, who have endorsed Donald Trump, Cornel West and Susan Sarandon, who have endorsed Bernie Sanders ( Figure 1 ). All the celebrities satisfy the following two criteria: a). they have endorsed the respective candidate and b) they have a large number of followers on Twitter. The contributions of our paper are as follows:
• we make a comprehensive analysis of the topology of the Twitter sphere during the 2016 presidential election.
• we analyze the behavior of celebrity followers with respect to following presidential candidates.
• we study the alignment and misalignment of political preferences between celebrities and celebrity followers.
RELATED LITERATURE
Our paper builds on previous literature on electoral studies, data mining and computer vision.
While the role of celebrities in American politics could be traced back to the early 20th century [29] , research on the effects of celebrity endorsements on election outcomes only started recently, particularly since Oprah Winfrey's endorsement of Barack Obama in 2008 [11] , [34] . Relationship between the credibility of the endorsers and the effect of the endorsements is analyzed in [27] , [30] . Bernie Sanders also attributes part of his campaign success to the celebrity support that he has received [37] . Instead of focusing on examining the causal relationship between celebrity endorsements and voting outcomes, our study explores the alignment and misalignment of the revealed preferences of celebrities and their followers.
Existing work has also studied the increasing polarization of American politics at both the elite level [14] , [25] and the mass level [6] , [7] . Druckman et al., in particular, study how elite partisan polarization affects public opinion formation and find that party polarization decreases the impact of substantive information [9] . Social clustering, on the other hand, is analyzed in [2] , [26] . In our work, we contribute to analyzing political polarization at the public level on Twitter.
Gender plays an important role in the forming and dissolving of relationships [5] , in online behavior [32] and in political voting [3] , [8] , [20] , [40] . One common observation is that women tend to vote for women, which is usually referred to as gender affinity effect. In this paper we will control for gender effects when analyzing the number of presidential candidates that an individual chooses to follow and on which party that one chooses to follow.
Given the importance of gender in real applications, a large number of studies have attempted to classify gender based on user names [28] , [31] , tweets, screen name and description [4] and friends [43] . Following this line of research, our study will take advantage of information from both user names and user-provided descriptions.
Recent advances in computer vision [15] , [21] , [38] , [39] , on the other hand, have made object detection and classification increasingly accurate. In particular, face detection and gender classification [10] , [18] , [23] have both achieved very high accuracy, largely thanks to the adoption of deep learning [22] and the availability of large datasets [16] , [19] , [35] . Our paper extracts gender-related information based on Twitter profile images and is related to gender classification using facial features [23] , [31] , [40] , [41] .
DATA AND METHODS
Our dataset consists of three components, all of which come from Twitter and are collected using Twitter REST APIs The second component of our dataset has 1 million individuals, randomly sampled, with Python seed set to 11, from the first component. Based on these individuals, we extract user name, user-provided description, the starting year of using Twitter, social capital [40] , and the profile image [41] .
The third component comprises follower information of Lady Gaga, Lebron James, Willie Robertson, Toby Keith, Cornel West and Susan Sarandon, six celebrities all of whom have either explicitly or implicitly endorsed either Clinton or Trump or Sanders. These six celebrities constitute a significant presence among individuals who follow the presidential candidates: 15.9% of the individuals in the dataset follow Lebron James, 19.58% follow Lady Gaga, 0.9% follow Willie Robertson, 1.1% follow Toby Keith, 1.6% follow Cornel West and 1.2% follow Susan Sarandon. This data component then enables us to analyze the celebrity effect in a quantitative manner: whether individuals who follow these celebrities are also more likely to follow a large number of presidential candidates or a small number and whether the political preferences of the followers are the same as that of the celebrity.
We summarize the variables used in this work and their definitions in Table II .
Gender classification
We employ three methods to extract information on gender. As in several prior studies [28] , [31] , we first compile a list of 800 names, based on appearance frequency on Twitter, We use first names, profile images and family roles to identify gender, and we extract from self-descriptions individuals' occupations.
that are gender-revealing, such as Mike, Jake, Emily, Isabella and Sarah. This constitutes our first channel. We then use this list to classify individuals whose names are contained in this list. As one would expect, a large number of individuals can not be classified with this list. Our second channel is the profile image. We train a convolutional neural network using 42,554 weakly labeled images, with a gender ratio of 1:1. These images come from Trump's and Clinton's followers. We infer their labels using the followers' names (channel 1). For validation, we use a manually labeled data set of 1,965 profile images for gender classification. The validation images come from Twitter as well so we can avoid the cross-domain problem. Moreover, they do not intersect with the training samples as they come exclusively from individuals who unfollowed Hillary Clinton before March 2016.
The architecture of our convolutional neural network is the same as in [42] , and we are able to achieve an accuracy of 90.18%, which is adequate for our task (Table III) . Third, we extract gender-revealing keywords from userprovided descriptions. These keywords are papa, mama, mom, father , mother, wife and husband.
We prioritize the first channel (first names) most and the third channel (self description) the least. Only when the more prioritized channels are missing do we use the less prioritized channels: first names > profile images > self descriptions. Based on this ranking, we are able to label 38.7% of the observations from first names, another 17.2% with profile images and 0.7% with self descriptions. In total, we are able to classify 56.6% of the 1 million individuals. We summarize the number of labeled individuals and the net contribution of each channel in Table IV . Note: Partly as a result of our priority ranking, the net contribution of profile images is significantly smaller than first names. The net contribution of self descriptions (3rd channel) is about 1 percent.
We summarize the gender ratio of each candidates' followers in Figure 3 . It can be seen that Clinton has the highest female to male ratio, followed closely by Bernie Sanders. Rand Paul (R) and Jim Webb (D) on the other hand have the lowest female to male ratio. In general, the Democratic candidates mostly have a gender ratio close to or over 40%, while the Republican candidates tend to have a gender ratio well below 40%. Carly Fiorina, the only female candidate in the Republican party, is the only Republican to reach 40%.
Negative binomial regression
In order to understand how celebrity followers behave differently from non-followers, especially with respect to the number of presidential candidates that they follow, we apply the negative binomial regression [12] and link the number of candidates that one follows, which is count data, to the explanatory celebrity variable. In this regression, the conditional likelihood of the number of candidates that individual j follows, y j , is formulated as
Γ(y j + 1) where µ j = exp(x j β β β) is the link function that connects our explanatory variables to the number of candidates that one chooses to follow and v i is a hidden variable with a Gamma( 1 α , α) distribution. After plugging in the explanatory variables, the unconditional log-likelihood function takes the form:
where α is the over-dispersion parameter and will be estimated as well.
Multinomial Logistic Regression
Besides the number of candidates, we also explore the alignment and misalignment of political preferences between celebrities and celebrity followers. For this purpose, we identify three classes: (1) follow Democratic candidates only, (2) follow candidates from both parties, and (3) follow Republican candidates only. We use the class c as the dependent variable and formulate the probability of each observation in a multinomial logistic setting [24] :
e xβ1 + 1 + e xβ3 P 2 = P r(c = 2) = 1 e xβ1 + 1 + e xβ3 P 3 = P r(c = 3) = e xβ3 e xβ1 + 1 + e xβ3 where x is the vector of explanatory variables: number of posted tweets, number of followers, being a journalist (binary), gender, celebrity and year controls. Notice that the coefficients for the second class (following candidates from both parties) have been normalized to 0 to solve the identification problem.
The log-likelihood function then takes the form:
where δ ij =1 if i=j and 0 otherwise. Note that logistic regression, which we will use to differentiate the celebrity effects on Hillary Clinton and Bernie Sanders, is a special case of the multinomial logistic regression with only two choices instead of three.
RESULTS
In this section, we report on (1) election follow patterns observed on Twitter (2) negative binomial regression analysis of the number of candidates that one follows (3) multinomial logistic regression analysis of the effects of celebrity on the choice of candidates and (4) further logistic regression analysis between Hillary Clinton and Bernie Sanders.
Election F ollow Patterns on Twitter
In Table V , we report on how committed each candidate's followers are. By commitment, we mean how many of the followers follow only that one specific candidate. It can be seen that Clinton, Trump and Sanders have highest percentages of 'committed' followers in the Twitter sphere, whereas only 9 percent of Bush's 529,820 followers follow him alone and 89 percent of Cruz's 1,012,955 followers follow other candidates besides Cruz. This suggests that while having a large number of followers is always beneficial, not all followers are equally committed.
To overcome this problem, we propose a simple and intuitive method to weight each follower by the reciprocal of the total number of candidates that he or she is following. For example, an individual who follows Bernie Sanders, Donald Trump and Ted Cruz will receive a weight of 1 3 , and an individual who follows Hillary Clinton only will receive a weight of 1. Mathematically, the Twitter share of candidate j is then calculated as: where n is the total number of followers (15, 455, 122) , m is the total number of candidates (16), δ ik is 1 if individual i follows candidate k and 0 otherwise. After applying this weighting mechanism, we find the Twitter share of the leading candidates, such as Donald Trump, Hillary Clinton and Bernie Sanders, further increases. Their aggregated share of Twitter followers rises from 68.7% to 80.1% (Figure 3 ). We further analyze the top 15 most frequent patterns present in the Twitter sphere (Table VI) . One immediate observation is that Trump, Clinton and Sanders are the three dominant forces in the Twitter sphere. 34.5% of the individuals recorded in our exhaustive dataset are following Donald Trump alone. 28.4% are following Hillary Clinton alone. 7.2% are following Sanders alone. These three groups account for 69.9% of the entire recorded population in our dataset. Individuals who follow only Marco Rubio or Carson or Fiorina make up no more than 2 percent of the population. Individuals who follow both Clinton and Trump constitute 3 percent of the entire recorded population. This number is surprisingly low and suggests that Twitter follow behavior is more of a signal of support (or interest) than mere communication as far as the presidential campaign is concerned. Other frequent 2-itemsets [13] include Carson and Trump (1%), Sanders and Trump 0.6/% and Rubio and Trump (1%). The only 3-itemset among the top 15 frequent patterns is Clinton, Sanders and Trump (0.5%). We further examine how the decision of following one candidate correlates with that of following another candidate using the Pearson correlation coefficient. One immediate observation is that correlation between following candidates from the same party tends to be positive and correlation between following candidates from different parties tends to be negative ( Figure 5 ). In particular, the correlation is -0.51 between Clinton and Trump and -0.22 between Sanders and Trump. By contrast, Marco Rubio and Ted Cruz have a strong and positive correlation coefficient of 0.43. This constitutes our first piece of evidence that individuals on Twitter are also polarized [6] .
Motivated by the fact that Twitter follow behavior appears to cluster around the two parties, we refer to individuals who follow Democratic candidates exclusively as Democrat followers and refer to individuals who follow Republican candidates exclusively as Republican followers and lastly we refer to those who follow candidates from both parties as Independent followers. Note that this definition is based on Twitter follow behavior not on real party affiliation. It turns out that 92% of the 15.5 million followers are either Democrat followers or Republican followers, i.e., they are following candidates from only one party not both parties, which lends further support to the idea that the public are polarized on Twitter [6] .
Follow the Candidates
Having summarized the election f ollow patterns as a whole, we are now ready to analyze the factors behind an individual's decision to follow a certain number of candidates. In particular, while the marginal cost of following an In the regression, we use the number of candidates that one follows (# candidates) as the dependent variable. social capital, journalist, gender and celebrity are the four variables that we are particularly interested in. The coefficient on social capital would enable us to learn whether more prominent individuals tend to follow more candidates or not. The coefficient on journalist measures whether journalists tend to follow a larger number of the presidential candidates (and we expect the answer to be yes). gender measures the effects of being female. Following [5] , [40] , we expect the coefficient on gender to be negative, i.e., women tend to follow fewer candidates. The coefficient on celebrity tests whether celebrity followers behave differently from nonfollowers.
We report our regression results in Table VII . Across all the 7 specifications, we find that tweets, social capital and journalist are all positively correlated with the number of candidates that one chooses to follow and that female is negatively correlated with the number of candidates, which is consistent with [5] , [40] . Most importantly, we observe that celebrity followers tend to follow a larger number of presidential candidates (Model 2 and Models 4-7). This does hold for Lady Gaga (Model 3), though, whose followers are more likely to follow a small number of candidates.
Multinomial Logistic Regression: Celebrity Endorsements
Having demonstrated that celebrity followers behave differently from non-followers in the number of candidates that they choose to follow, in this subsection we analyze the alignment and misalignment between celebrities and celebrity followers in political preferences. In particular, we use three-class multinomial logistic regression to examine whether followers of Lady Gaga and Lebron James, both of whom have explicitly endorsed Hillary Clinton, thus revealing support for Democratic causes, are more likely to follow Democratic candidates exclusively. Similarly, we study the preferences of the individuals who follow Willie Robertson and Toby Keith, and the preferences of those who follow Cornel West and Susan Sarandon.
We report our results in Table VIII . Using Independent as the baseline for comparison, we first examine the effects of posted tweets, social capital and occupation. Across all specifications, we find that people who have posted a large number of tweets, people with high social capital and people working as a journalist are more likely to be Independent followers, i.e., following candidates from both parties. We also observe that women are more likely to follow Democrats than men, as indicated by the positive coefficient on female for Democrat and negative coefficient for Republican.
From Columns 2 to 7, we examine the role of the six different celebrities in determining which candidates to follow. With the exception of Willie Robertson for Republican, the celebrity coefficients are all negative. To calculate the differences in predicted probability of political preference between celebrity followers and non-followers, we use the equations introduced in the section on Materials and Methods, taking all other variables at mean value while varying the binary variable celebrity from 0 to 1: P 2 = P r(c = 2) = 1 e xβ1 + 1 + e xβ3 P 3 = P r(c = 3) = e xβ3 e xβ1 + 1 + e xβ3 We report the calculated probabilities in Figure 7 . It can be seen that even though Lebron James himself has endorsed Hillary Clinton, the probability of Lebron James's followers following only Democratic candidates is actually lower than that of non-followers. This also holds for Lady Gaga. What is special for Lady Gaga is that her followers are actually more likely to be following Republican candidates exclusively than non-followers. For both James and Lady Gaga, it is clear that there exists misalignment in political preferences with their followers.
The findings for Donald Trump's endorsers and for Bernie Sanders' endorses, by contrast, are consistent with what existing literature would predict. Individuals who follow Willie Robertson and Toby Keith (middle row) are more likely to be Republican followers and less likely to be Democrat followers. Compared with non-followers, those who follow Cornel West and Susan Sarandon (bottom row) are more likely to be Democrats and less likely to be Republican followers. For the latter four celebrities, we observe alignment of political preference between the celebrities and celebrity followers.
Logistic Regression: Intra-party Celebrity Effects
When comparing between Democratic followers, Republican followers and Independent followers, we observe strong alignment between Sanders' endorsers and their followers and misalignment between Clinton's endorsers and their followers. In this subsection, we restrict our comparison to Democratic followers who either follow Clinton or Sanders but not both, which constitute 36% of our observations. In particular, we will analyze (1) whether following celebrities who have explicitly endorsed Hillary Clinton can increase the probability of a Democrat follower following Hillary Clinton over Sanders and (2) whether following celebrities who have explicitly endorsed Bernie Sanders can decrease the probability of a Democratic follower following Hillary Clinton. The dependent variable, which is binary, is 1 if and only if the individual follows Hillary Clinton.
We report our results in Table IX . From Columns 1 and 2, we observe that individuals who follow Lebron James and Lady Gaga are more likely to be Clinton followers. By contrast, those who follow Cornel West and Susan Sarandon are less likely to follow Clinton, which suggests that Cornel's and Sarandon's followers are more likely to be following Sanders instead. One implication is that during primaries when candidates from the same party compete against each other, celebrities can already start to play an important role campaigning for the candidate they support.
DISCUSSION
Celebrities, if they so intend, could leverage their star power to affect the course of political and public life. In addition to the 2016 U.S. presidential election, Kevin Durant's both sent strong political messages too. Our paper demonstrates the political preference of a celebrity could acutally differ systematically from that of the fan base. In future research it would be beneficial to evaluate how celebrity endorsements affect the political behavior of individuals.
CONCLUSION
This paper studies the online behavior of celebrity followers during the 2016 U.S. presidential campaign and analyzes the alignment and misalignment of political preferences between celebrities and celebrity followers. Building from an exhaustive dataset that includes 15.5 million records, taking advantage of three information channels (name, image, description), and applying various regression models, we (1) explored the frequent patterns of the 2016 U.S. presidential campaign on Twitter, calculated the weighted presence for each candidate, and measured the extent to which individu- als on Twitter are polarized, (2) studied how following a celebrity has had an effect on the number of candidates that one chooses to follow, (3) found alignment between Trump's endorsers and their followers, alignment between Sanders' endorsers and their followers, and misalignment between Clinton's endorsers and their followers, (4) found that when considering Democrat followers only, followers of Clinton's endorsers tend to favor Hillary Clinton over Bernie Sanders, and followers of Sanders' endorsers tend to favor Sanders over Clinton.
